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Background: The present study was conducted to provide basic data for standard quality characteristics
by grade, and for the establishment of new grading criteria for Korean straight ginseng (SG).
Methods: The major constituents (moisture, total sugar, acidic polysaccharide, phenolic compound, crude
saponin, and ginsenosides) in SG with skin products were analyzed to examine the standard quality
characteristics.
Results: Five-year-old ﬁrst-grade 15- and 25-piece grade SG products were collected over a period of 5
years and analyzed. The total water-soluble sugar content was 35.2% and 35.4% for the 15- and 25-piece
grades, respectively, and the acidic polysaccharide content was 4.1% for the 15-piece grade and 4.6% for
the 25-piece grade. Both the 15- and 25-piece grade products had 0.5% total phenolic compounds. The
amount of crude saponin was 3.2e5.5% in all samples. The amounts of the major ginsenosides Rb1, Rf,
and Rg1 were 4.7, 1.1, and 3.6 mg/g, respectively, in the 15-piece grade and 3.6, 1.0, and 3.0 mg/g,
respectively, in the 25-piece grade.
Conclusion: Overall, the coefﬁcient of variation was over 15% for the major constituent contents, indi-
cating that it was difﬁcult to standardize the constituent contents using the mean value.
Copyright © 2014, Korea Food Research Institute, Published by Elsevier. All rights reserved.1. Introduction
Korean ginseng, Panax ginseng Meyer, named by Carl Anton
Meyer of Russia in 1843, is a plant in the Araliaceae family and is
one of the major representative medicinal herbs in Korea [1].
“Panax”means cure for all diseases, as it combines the Greek words
pan meaning “all” and axos meaning “medicine” [2]. In Korea, red
ginseng and various processed ginseng productsdin addition to
fresh ginseng and primary ginseng products, such as root gin-
sengdare used as health foods. Korean ginseng is known to have
many health beneﬁts, such as immune function improvement,
antifatigue, blood circulation improvement, blood cholesterolr the terms of the Creative
(http://creativecommons.org/
ommercial use, distribution,
al work is properly cited.
orea Food Research Institute,
eonggi 463-746, Republic of
stitute, Published by Elsevier. All rimprovement, antidiabetic, memory improvement, endurance
improvement, anticancer activity, antistress effects, depression
improvement, and antiaging effects. Accordingly, studies on the
various physiologically active constituents responsible for these
effects, including ginsenosides, acidic polysaccharides, and pep-
tides, have been actively conducted [3e9].
The chemical composition of ginseng includes carbohydrates,
nitrogen-containing compounds, fat-soluble substances, minerals,
and ginseng saponin (ginsenoside), and the chemical structure of
approximately 30 types of ginsenosides has been determined.
Ginseng saponin is present in the form of a glycoside, a combined
aglycone and sugardhence, its name ginsenoside. Ginseng saponin
is divided into a four-ring structure triterpenoid dammarane-type
saponin, including protopanaxadiol- and protopanaxatriol-type
saponins, and a ﬁve-ring structure oleanane-type saponin. As the
major active component of Korean ginseng, ginsenoside has pre-
dominantly been used to establish the quality speciﬁcations of
ginseng. Moreover, Korean ginseng contains various functional
constituents in addition to saponin, such as phenolic compounds
with antioxidant activity, polyacetylene, which exhibits cytotox-
icity to cancer cells, sesquiterpene, an essential oil, and acidicights reserved.
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immune responses [10]. To date, studies on the function of the
major active constituents, such as ginsenosides, and on the
improvement of the constituent content and functionality through
pufﬁng, acid treatment, and high-heat treatment have been
actively conducted. However, these studies have concentrated
mainly on red ginseng and its speciﬁc constituents [11e13].
Currently, the ginseng products distributed on the domestic
market can be largely classiﬁed as fresh ginseng and its primary
processing products in its original shape, red ginseng, and dried
ginseng (DG). DG is a fresh ginseng product that is not cooked but
dried by sunlight, hot wind, or other methods. Considering the fact
that most foreign ginseng products are sold on the international
market in a similar shape as DG, efforts should be made to conduct
studies on the functionality of DG and for the standardization of the
quality and speciﬁcation of domestic DG products. A review of the
previous literature showed that some studies on the quality and
physicochemical properties of DG have been conducted [14,15].
Nonetheless, it was difﬁcult to determine the physicochemical
quality characteristics of DG products because most of the research
consisted of one-time studies or their ranges of sample selection
and quality evaluation itemswere narrow. As of 2011, DG accounted
for approximately 30% of the total ginseng distribution [16]. DG is
classiﬁed as 4-, 5-, and 6-year-old roots according to the cultivation
period; by shape, DG is largely categorized into straight ginseng
(SG) and curved ginseng, which are distributed at a ratio of
approximately 4:6. Ginseng is also classiﬁed as ﬁrst, second, and
third grade according to the quality characteristics, which include
the appearance and package, and is sold in various piece-grade sets
from ﬁve to 75 pieces based on the number of pieces per package
unit. However, studies on the chemical properties by the grade and
piece grade of DG are rare. The present study was conducted to
provide basic data for the standard quality characteristics by grade
and the establishment of new grading criteria for DG. Our experi-
ments included samples of 15- and 25-piece grades of ﬁrst-grade
SG (5-year-old) products that were selected from the DG prod-
ucts distributed in Korea, and a speciﬁc quantity of samples was
collected annually for 5 years. The moisture, water-saturated
butanol extract, ginsenoside, total phenolic compound, and acidic
polysaccharide contents were then measured and statistically
analyzed.Table 1
Moisture Content of Korean Straight Ginseng Products.
Moisture content (%)
15-piece grade*
(n ¼ 40)
25-piece grade
(n ¼ 40)
Total
(n ¼ 80)
Mean 10.2 10.8 10.4
SD 0.8 1.4 1.2
MAX 11.6 13.4 13.42. Materials and methods
2.1. Sample
Among the major DG products produced between 2006 and
2010, 5-year-old 15- and 25-piece grade SG with skinwere selected
as the target samples. A total of 80 productsd40 of the 15-piece
grade and 40 of the 25-piece grade (5e10 products per year for 5
years)dwere collected from major domestic DG markets, such as
Gyeongdong Market (Seoul, Korea) and Geumsan Market (Geum-
san, Korea). The collected samples were then used for chemical
analyses after even pulverization to a 60-mesh size and storage at
e60C. All samples of SG products were ﬁnished products, and only
products that passed the quality test by the inspection ofﬁce of the
National Agricultural Cooperative Federation (Geumsan, Korea) or
self-inspection and were packaged and sold in the market were
used as samples.MIN 8.6 8.6 8.6
CV (%)y 8.2 13.2 11.1
SD, standard deviation.
* Piece grade refers to the number of pieces per 300 g package for each straight
ginseng products.
y CV (%): coefﬁcient of variance, (SD/Mean)  100.2.2. Moisture content
The moisture content was determined according to the Associ-
ation of Ofﬁcial Analytical Chemists method 925.45 [17].2.3. Water-soluble total sugar content
The total sugar content was quantiﬁed using a phenolesulfuric
acid method with glucose as the reference [18].
2.4. Acidic polysaccharide content
The acidic polysaccharide content was quantiﬁed using a car-
bazoleesulfuric acid method with b-D-galacturonic acid as the
reference [19].
2.5. Phenolic compound content
The total phenolic compound content was measured according
to the FolineCiocalteumethodwith gallic acid as the reference [20].
2.6. Water-saturated 1-butanol extracts (crude saponin) content
The water-saturated 1-butanol extractcontent was determined
according to the CODEX ofﬁcial method [21].
2.7. High-performance liquid chromatography analysis of
ginsenoside content
The ginsenoside content was measured using high-performance
liquid chromatography according to a previously described method
[22].
2.8. Statistical analysis
A basic statistical analysis was performed for the results of the
chemical analysis between the SG products and among the piece
grades for each sample. The mean, standard deviation, minimum,
maximum, and coefﬁcients of variation (CVs, %) values were
calculated.
3. Results and discussion
3.1. Moisture content
Table 1 shows the results of the moisture content by piece grade
of the SG products on the market. The moisture content of SG with
skinwas 8.6e11.6% for the 15-piece grade and 8.6e13.4% for the 25-
piece grade; the average moisture content was 10.2% and 10.8%,
respectively. The CV, which shows the differences among in-
dividuals, was approximately 11.1%. Such a difference among the
individual samples was believed to be the difference in the degree
of drying during the manufacturing process and natural drying
during the distribution period after manufacturing. Overall, the
Table 3
Acidic Polysaccharide Content of Korean Straight Ginseng Products.
Acidic polysaccharide content (%)
15-piece grade*
(n ¼ 40)
25-piece grade
(n ¼ 40)
Total
(n ¼ 80)
Mean 4.1 4.6 4.3
SD 1.1 0.7 1.0
MAX 6.2 5.8 6.2
MIN 2.3 3.3 2.3
CV (%)y 27.4 15.3 22.9
SD, standard deviation.
* Piece grade refers to the number of pieces per 300 g package for each straight
ginseng products.
y CV (%): coefﬁcient of variance, (SD/Mean)  100.
Table 4
Total Phenolic Compound Content of Korean Straight Ginseng Products.
Total phenolic compound content (%)
15-piece grade*
(n ¼ 40)
25-piece grade
(n ¼ 40)
Total
(n ¼ 80)
Mean 0.5 0.5 0.5
SD 0.1 0.1 0.1
MAX 0.6 0.6 0.6
MIN 0.3 0.3 0.3
CV (%)y 16.1 19.4 17.4
SD, standard deviation.
* Piece grade refers to the number of pieces per 300 g package for each straight
ginseng products.
y CV (%): coefﬁcient of variance, (SD/Mean)  100.
J Ethn Foods 2014; 1: 24e2826moisture content of all the SG products did not exceed 15%, as
deﬁned in the inspection criteria for domestic ginseng-related
regulations [23].
3.2. Water-soluble sugar
Table 2 presents the results of the total water-soluble sugar
analysis by SG piece grade. The total water-soluble sugar content
was 24.4e50.4% for the 15-piece grade and 25.7e46.5% for the 25-
piece grade. The mean total water-soluble sugar content was 35.2%
and 35.4% for the 15- and 25-piece grades, respectively, differing
only slightly by piece grade and from the overall mean of 35.3%. The
CV for the total water-soluble sugar was 19.4% and 17.4% for the 15-
and 25-piece grades, respectively. The differences for the total
water-soluble sugar content among the products were considered
to be relatively signiﬁcant.
3.3. Acidic polysaccharides
Table 3 shows the results of analyzing the acidic polysaccharide
content in SG products by piece grade. Many studies have been
conducted on the acidic polysaccharides among the total ginseng
polysaccharides because these compounds are recognized as major
active constituents with various physiological activities, such as
immune function improvement, antitumor, antiulcer, and antidia-
betic effects, as in the case of ginseng saponin [24,25]. The acidic
polysaccharide content by SG piece grade was 2.3e6.2% for the 15-
piece grade and 3.3e5.8% for the 25-piece grade. The mean value
was 4.1% for the 15-piece grade and 4.6% for the 25-piece grade,
differing only slightly from the previously reported 4.9% acidic
polysaccharide content [26]. The CV value was 27.4% for the 15-
piece grade and 15.3% for the 25-piece grade. Overall, the acidic
polysaccharide content showed signiﬁcant differences among the
individuals within the same piece grade, but the same was not true
for the mean between the piece grade groups.
3.4. Phenolic compounds
Table 4 presents the results for the total phenolic compounds by
piece grade. The amount of total phenolic compounds in the SG 15-
piece grade and for 50-piece grade was 0.1e0.6%, but the mean
value was 0.5%, regardless of the piece grade. The CV was 16.1% for
the 15-piece grade and 19.4% for the 25-piece grade. The phenolic
compounds present in ginseng are major active constituents with
antioxidant activity. It was previously reported that the phenolic
compounds in Korean DG are present in the free, esteriﬁed, and
insoluble-bound forms, at relative quantities of 0.38%, 0.23%, and
0.14%, respectively [27].Table 2
Total Sugar Content of Korean Straight Ginseng Products.
Total sugar content (%)
15-piece grade*
(n ¼ 40)
25-piece grade
(n ¼ 40)
Total
(n ¼ 80)
Mean 35.2 35.4 35.3
SD 6.8 6.2 6.5
MAX 50.4 46.5 50.4
MIN 24.4 25.7 24.4
CV (%)y 19.4 17.4 18.4
SD, standard deviation.
* Piece grade refers to the number of pieces per 300 g package for each straight
ginseng products.
y CV (%): coefﬁcient of variance, (SD/Mean)  100.3.5. Water-saturated 1-butanol extracts (crude saponin)
Table 5 shows the results of the crude saponin analysis by SG
product piece grade. The crude saponin content of SG was 3.2e5.5%
for the 15-piece grade and 3.2e4.8% for the 25-piece grade; the
mean was 4.2% and 4.1%, respectively, differing only slightly be-
tween the piece grade groups. Similar to the phenolic compounds,
the difference between the piece grade groups was not signiﬁcant,
with the results showing values that were similar to the overall
mean. In general, the crude saponin content exceeded 2%, which is
a quality criterion for crude saponin as currently deﬁned in the
domestic ginseng-related regulations [23], even on the basis of the
minimum value including experimental errors. This value is in the
range of 2.8e4.3%, which is the average crude saponin content by
piece grade for DG on the market [15].
3.6. Ginsenoside content
Knownas themajor constituentof ginseng, ginsenoside is largely
divided into three typesdprotopanaxadiol, protopanaxatriol, andTable 5
Crude Saponin Content of Korean Straight Ginseng Products.
Crude saponin content (%)
15-piece grade*
(n ¼ 40)
25-piece grade
(n ¼ 40)
Total
(n ¼ 80)
Mean 4.2 4.1 4.1
SD 0.6 0.5 0.5
MAX 5.5 4.8 5.5
MIN 3.2 3.2 3.2
CV (%)y 14.1 12.2 13.3
SD, standard deviation.
* Piece grade: number of pieces per 300 g package for each straight ginseng
products.
y CV (%): Coefﬁcient of variance, (SD/Mean)  100.
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30 types of ginsenosides have been currently isolated and iden-
tiﬁed in raw ginseng and processed ginseng [10]. In DG, which is
simply dried fresh ginseng, Rb1, Rb2, Rc, Rd, Re, Rf, and Rg1 are
mainly detected. In the domestic health functional food law, the
quality criteria for ginseng products state that the amounts of Rb1
and Rg1 should be 0.8e34.0 mg/g [28]. Thus, among the major
ginsenosides of DG, the amounts of Rb1 and Rg1 and the amount of
Rf as a speciﬁc ginsenoside in Korean ginseng were analyzed in
this study, and their mean values were then compared. For SG, the
average amount of Rb1, Rf, and Rg1 in the 15-piece grade was 4.7,
1.1, and 3.6 mg/g, respectively, and that in the 25-piece grade was
3.6, 1.0, and 3.0 mg/g, respectively. The CV values were high at
21.0e43.3% (Table 6). These results are considered to be related to
the decreased uniformity in the presence of lateral roots and their
size because SG with skin is manufactured by simply drying fresh
ginseng.
At present, the speciﬁcation criteria for the distribution and
quality control of DG are deﬁned by the appearancedsuch as
weight and colordand properties. In terms of chemical composi-
tion, only the criteria of a maximum content of moisture and
harmful constituents, such as arsenic, heavy metals, and foreign
objects, and the criterion of a minimum content of crude saponin
are applied. A previously reported study on the quality charac-
teristics of DG [15], a study on its chemical constituent charac-
teristics by size and root age [14], and studies on changes in the
chemical constituent characteristics by processing treatments
have mainly focused on the saponin or ginsenoside content
[29,30]. Nonetheless, most studies on the chemical properties or
constituent characteristics of DG were found not to reﬂect the
variety of DG types and piece grades and the relatively signiﬁcant
differences between individuals in the samples. In this study,
along with the standardization of the morphological characteris-
tics previously examined [31], we attempted to present standard
constituent characteristics by collecting a certain amount of SG
product samples by piece grade for 5 years and analyzing and
statistically comparing the major active constituents. The range of
chemical constituent contentsdpresented as the minimum and
maximum values, without ignoring the experimental errors and
ideal valuesdwas relatively large with regard to all the constitu-
ents, whereas differences in the constituent contents between the
piece grade groups was seldom observed. Comparing or stan-
dardizing the chemical properties of DG using mean values was
also considered difﬁcult because the CV values were mostly more
than 15%. Future long-term, additional sample collection and an-
alyses are considered necessary for a more accurate standardiza-
tion of the SG constituent content. Nonetheless, the results of this
study are expected to serve as basic data for the selection ofTable 6
Ginsenoside Composition of Korean Straight Ginseng Products.
Ginsenoside content (mg/g)
15-piece grade*
(n ¼ 40)
25-piece grade
(n ¼ 40)
Total
(n ¼ 80)
Rb1 Rf Rg1 Rb1 Rf Rg1 Rb1 Rf Rg1
Mean 4.7 1.1 3.6 3.6 1.0 3.0 4.3 1.1 3.4
SD 2.0 0.3 1.1 0.8 0.2 0.8 1.7 0.3 1.0
MAX 8.9 2.0 5.7 5.4 1.4 5.0 8.9 2.0 5.7
MIN 2.3 0.7 2.2 2.4 0.7 2.0 2.3 0.7 2.0
CV (%)y 43.3 30.5 30.1 22.2 21.0 26.3 40.4 27.5 30.1
SD, standard deviation.
* Piece grade refers to the number of pieces per 300 g package for each straight
ginseng products.
y CV (%): coefﬁcient of variance, (SD/Mean)  100.standard samples and the comparison of quality characteristics
between products for the veriﬁcation of SG efﬁcacy.
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